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(57) ABSTRACT 

A circuit and method for creating a high-power electrical 
pulse Which has a smooth or ?at-topped con?guration as Well 
as a very short rise time. A metal oxide varistor (MOV) is 
preferably placed in parallel With a load and a sWitch is 
preferably placed in series between the MOV and the load. 
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HIGH-POWER ELECTRICAL PULSES USING 
METAL OXIDE VARISTORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to and the bene?t of the 
?ling of US. Provisional Patent Application Ser. No. 60/639, 
259, entitled “A NeW Method for Producing High PoWer 
Constant Voltage Electrical Pulses Using Metal Oxide Varis 
tors (MOVs)”, ?led on Dec. 28, 2004, and the speci?cation 
thereof is incorporated herein by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

The US. Government has a paid-up license to this inven 
tion and the right in limited circumstances to require the 
patent oWner to license others on reasonable terms as pro 
vided for by the terms of Contract No. FA9451-05-D-0004 
aWarded by the United States Department of Defense. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention (Technical Field) 
The present invention relates to an electrical circuit and 

method for creating ?at-topped high poWer electrical pulses, 
particularly With the use of metal oxide varistors (MOVs). 

2. Description of Related Art 
Metal oxide varistors (MOVs) have been knoWn and used 

for some time. The most typical use of MOVs is to protect 
electronic equipment from voltage spikes. The most common 
metal oxide varistors contain granules of Zinc-oxide sand 
Wiched betWeen a pair of conductive plates. Typically, one 
lead of a varistor is connected to a supply line (VS) and 
another lead of the MOV is connected to ground. Under 
typical operating conditions, only a very small amount of 
current ?oWs from one conductive plate, through the Zinc 
oxide, and to the other conductive plate. This is because of the 
relatively high resistance of the Zinc-oxide. HoWever, When a 
voltage spike occurs at a voltage Which is greater than the 
breakdown voltage of spaces around the Zinc-oxide granules, 
current then easily ?oWs around the Zinc-oxide granules and 
the MOV thus acts as a short from VS to ground. The voltage 
at Which this occurs is knoWn as the clamping voltage of the 
MOV. When the MOV acts as a short to ground, the vast 
majority of all current that is supplied to the electronic device 
stops ?oWing to the device and instead travels through the 
MOV to ground. Because most voltage spikes that an elec 
tronic circuit is likely to experience typically last for only a 
small fraction of a second, the amount of time that the MOV 
acts as a short to ground is correspondingly very short and 
thus the MOV does not typically overheat. 
One of the most demanding problems for systems designed 

to generate high poWer microWave and charged particle 
beams is the production of the required electrical pulses. 
Typical voltages are in excess of several hundred thousand 
volts at currents of about 10,000 amps or more for pulses 
lasting up to about 1 uS in duration. These pulses must main 
tain voltage Within fairly narroW constraints (typically +/—10 
percent) in order to be useful. In addition, the time for the 
voltage to reach a maximum after application (the rise time) 
must be rather short (often less than about 100 nanoseconds). 
A number of techniques are typically employed to accom 
plish this task. These include pulse forming netWorks and 
pulse forming lines using liquid or solid dielectrics. 
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2 
Recently, MOVs have begun to be used in pulsed poWer 

applications (see Simulation, Design and Test of a MOVPulse 
Shaping Device for High Power Microwave Generators, by 
M. Giesselmann, Pulsed PoWer Conference, 1999. Digest of 
Technical Papers. 12”’ IEEE International, Volume: 2, PP. 
27-30 Jun. 1999; and Voltage Regulation in a Linear Induc 
tion Accelerator Using Metal -Oxide Varistors, by W. M. Par 
sons, IEEE Conference Record of the 1 990 Nineteenth PoWer 
Modulator Symposium PP. 544-547). These references fail to 
describe the ability to repeatedly shape numerous pulses With 
a MOV, particularly one Which is driven by a Marx-type 
generator. In addition, the prior art fails to adequately address 
the need for a peak smoothing system Which also provides for 
a very rapid rise time. 

There currently exists a need for an inexpensive manner by 
Which smooth-topped, high-poWer pulses can be produced 
and particularly for a method to produce ?at-topped, high 
poWer voltage pulses having a very rapid rise time. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is directed to a circuit for providing 
high-poWer voltage pulses to a load; preferably ?at-topped, 
high-poWer voltage pulses. The circuit preferably has a high 
voltage direct current source, a metal oxide varistor compris 
ing a ?rst terminal connected to ground, and a ?rst sWitch 
Which connects the source to a second terminal of the metal 
oxide varistor. A load and a second sWitch for connecting the 
load in parallel With the metal oxide varistor are also prefer 
ably provided. 
The circuit may also have an inductor in series With the 

direct current source. The high-voltage direct current source 
may include, but is not limited to, a charged capacitor and a 
generator, including a Marx generator and/ or a Cockroft 
Walton generator. If a charged capacitor is used, it is prefer 
ably charged to a voltage in excess of a clamping voltage of 
the metal oxide varistor. 
The present invention also relates to a method for providing 

a high-poWer voltage pulse, preferably a ?at-topped, high 
poWer voltage pulse. The method comprises providing a high 
voltage source, connecting a metal oxide varistorbetWeen the 
high voltage source and ground, disposing a load in parallel 
With the metal oxide vari stor, providing a voltage to the metal 
oxide varistor but not the load, (the voltage exceeding a 
clamping voltage of the metal oxide varistor), and subse 
quently ?oWing current through the load. 
The voltage to the metal oxide vari stor may be provided by, 

but is not limited to, a high-voltage generator, or a capacitor 
charged to a high voltage, including a Marx generator, and/or 
a high-voltage Cockroft-Walton generator. 
The current ?oWs through an inductor. The sWitch is pref 

erably disposed betWeen the metal oxide varistor and the 
high-voltage source. The sWitch may be closed betWeen the 
load and the metal oxide varistor. There may be a delay before 
closing the sWitch. The clamping voltage of the metal oxide 
varistor may be exceeded before the sWitch is closed. The 
voltage may be monitored across the metal oxide varistor. 
An obj ect of the present invention is to provide a circuit and 

method for creating a hi gh-poWer electrical pulse Wherein the 
voltage of the pulse preferably has a ?at top. 
An advantage of the present invention is that a circuit and 

method are provided Which alloW for the production of high 
poWer electrical pulses. 

Other objects, advantages and novel features, and further 
scope of applicability of the present invention Will be set forth 
in part in the detailed description to folloW, taken in conjunc 
tion With the accompanying draWings, and in part Will 
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become apparent to those skilled in the art upon examination 
of the following, or may be learned by practice of the inven 
tion. The objects and advantages of the invention may be 
realized and attained by means of the instrumentalities and 
combinations particularly pointed out in the appended 
claims. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

The accompanying draWings, Which are incorporated into 
and form a part of the speci?cation, illustrate one or more 
embodiments of the present invention and, together With the 
description, serve to explain the principles of the invention. 
The draWings are only for the purpose of illustrating one or 
more preferred embodiments of the invention and are not to 
be construed as limiting the invention. In the draWings: 

FIG. 1 is a schematic diagram illustrating a preferred 
embodiment of the present invention Without a load con 
nected thereto; 

FIG. 2A is a graph depicting voltage across the metal oxide 
varistor (MOV) of FIG. 1 as a function of time; 

FIG. 2B is a graph depicting current across the MOV of 
FIG. 1 as a function of time; 

FIG. 3 is a schematic diagram illustrating a preferred 
embodiment of the present invention With a second sWitch 
and a load included therein; 

FIG. 4A is a graph depicting voltage across the MOV of 
FIG. 3 as a function of time Wherein sWitch 2 is closed at 
time:0.2 useconds; 

FIG. 4B is a graph depicting current across the MOV of 
FIG. 3 as a function of time Wherein sWitch 2 is closed at 
time:0.2 useconds; 

FIG. 4C is a graph depicting voltage across the load of FIG. 
3 as a function of time Wherein sWitch 2 is closed at time:0.2 

useconds; and 
FIG. 5 is a schematic diagram illustrating an embodiment 

of the present invention Wherein a load is connected directly 
across a MOV Without the use of a second sWitch. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to the use of a metal oxide 
varistor (MOV) to produce pulse shaping, thus eliminating 
the need for conventional solutions Which rely on more com 
plex pulse forming networks. 

The term “sWitch” as used throughout the speci?cation and 
claims is used for the sake of simplicity and is intended to 
include any and all apparatuses, structures, elements, mate 
rials, methods or combinations thereof capable of sWitching 
on and/or off a How of electricity. As such, the term “sWitch” 
can include, but is not limited to: mechanical sWitches, spark 
gaps, triggered spark gaps, krytrons, sprytrons, thyratrons, 
other vacuum tubes typically used in sWitching high voltage 
sources, combinations thereof, and the like. 
The term “high-voltage” as used throughout the speci?ca 

tion and claims is intended to include any voltage equal to or 
greater than about 800 volts. 

The term “?at-topped” or “smooth-topped” as used 
throughout the speci?cation and claims is intended to 
describe a voltage curve that is substantially ?at or smooth 
over a period of time, such as depicted in FIG. 4C. 

The present invention makes use of the nonlinear charac 
teristics of a MOV such that an extremely smooth-topped, 
high-poWer electrical pulse is produced. FIG. 1 depicts a 
schematic diagram Wherein capacitor 10 is connected from 
ground point 11 to inductor 12.As illustrated in FIG. 1, sWitch 
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4 
14 is connected in series betWeen a ?rst terminal of MOV 16 
and inductor 12. A second terminal of MOV 16 is preferably 
connected to ground 11. Capacitor 10 is preferably charged to 
a voltage in excess of the clamping voltage of MOV 16. At 
time t?o, sWitch 14 is preferably closed, thus causing the 
capacitor 10 to discharge through inductor 12 and through 
MOV 16, back to ground 11. Because MOV 16 has a clamp 
ing voltage Which is less than the charge voltage of capacitor 
10, the voltage across MOV 16 is thus limited to approxi 
mately its clamping voltage. FIG. 2A is a graph illustrating a 
voltage across MOV 16. As depicted therein, the peak voltage 
of the pulse remains very constant With no spikes or ripples. 
Although the rise time of the pulse is someWhat short, a much 
shorter rise time is often required. FIG. 2B is a graph of the 
current through MOV 16. As can be seen from FIGS. 2A and 
2B, although the peak voltage of the electrical pulse remains 
substantially constant, the current varies by a signi?cant 
amount. 
An embodiment of the present invention is illustrated in 

FIG. 3. As illustrated therein, capacitor 10 is preferably con 
nected from ground point 11 to inductor 12. Although capaci 
tor 10 and inductor 12 are preferably provided, the presence 
of either is not essential to the operation of the present inven 
tion. Rather, desirable results can be produced so long as a 
high voltage direct current source of electricity is available. 
SWitch 14 is preferably connected in series betWeen a ?rst 
terminal of MOV 16 and inductor 12, or another source of 
high-voltage direct current such as, but not limited to a gen 
erator, including but not limited to a Marx generator, a Cock 
roft-Walton generator, combinations thereof, etc. A second 
terminal of MOV 16 is preferably connected to ground 11. 
SWitch 18 is preferably provided and connects load 20 in 
parallel With MOV 16 as depicted in FIG. 3. 

In the embodiment of FIG. 3, sWitch 18 is preferably 
included such that load 20 can be connected across MOV 16 
at a time after the initial voltage rise time of the pulse. This is 
preferably done by providing a very short delay from the time 
that sWitch 14 is closed until the time When sWitch 18 is 
closed, or by monitoring the voltage across MOV 16 and 
closing sWitch 18 in response to a predetermined comparison 
value for that measurement. The apparent rise time of the 
voltage across load 20 is thus much shorter. In the preferred 
embodiment illustrated in FIG. 3, load 20 experiences an 
electrical pulse having a voltage With a very rapid rise time 
and a very smooth peak. For this embodiment, FIG. 4A illus 
trates a graph of the voltage across MOV 16 and FIG. 4B 
illustrates a graph of the current through MOV 16 Wherein 
sWitch 14 is closed at tIO and sWitch 18 is closed at t:2 
useconds. FIG. 4C illustrates a graph of the voltage across 
load 18. As illustrated therein, no voltage is encountered by 
load 20 until sWitch 18 closes at t:2 useconds. As further 
illustrated therein, the rise time of the voltage across load 20 
is very short and the peak voltage of the electrical pulse is very 
?at-topped or smooth. 

If an extremely short rise time is not required, but a ?at 
topped high poWer electrical pulse is still needed, sWitch 18 
can be omitted, as depicted in the schematic illustration of 
FIG. 5. In this embodiment, the voltage across load 20 Will 
rise in a fashion substantially similar to the voltage across an 
MOV alone. As such, a graph of an example of hoW the 
voltage across a load placed in parallel With an MOV but 
Without a second sWitch is also illustrated in the graph of FIG. 
2A. 
The rise time can be adjusted by adjusting the closure time 

of sWitch 18. In an alternative embodiment of the present 
invention, the pulse-Width across load 20 can be adjusted 
based on the selection of inductor 12. Optionally, the pulse 
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Width across load 20 can also optionally be adjusted by 
adjusting the delay time before sWitch 18 is closed. Because 
of the small difference betWeen the voltage across sWitch 18 
before and after its closing, the sWitch volume canbe reduced. 
Because sWitch 18 can be sWitched at any time and Will result 
in an almost instantaneous voltage appearing across load 20, 
capacitor 10 need not have a loW inductance value in order for 
a short voltage rise time to be observed across load 20. The 
present invention also provides the ability to drive a Wide 
range of load impedances While still providing a short voltage 
rise time and a very ?at-topped voltage pulse. 

INDUSTRIAL APPLICABILITY 

The invention is further illustrated by the folloWing non 
limiting examples. 

EXAMPLE 1 

A circuit in accordance With the present invention Was 
simulated as illustrated in FIG. 1. Capacitor 10 Was charged to 
a voltage in excess of the clamping voltage of MOV 16. At 
time?o, sWitch 14 Was closed thus alloWing current to How 
through inductor 12, MOV 16 and to ground 11. Simulations 
of the voltage across MOV 16 Were used to generate the graph 
of FIG. 2A. Simulations of the current through MOV 16 Were 
used to generate the graph of FIG. 2B.As depicted in FIG. 2A, 
the voltage across MOV 16 quickly ramped up to the clamp 
ing voltage of MOV 16 (about 550,000 volts) and then 
remained relatively constant at that voltage until the voltage 
from capacitor 10 diminished to a value less than that amount, 
at Which time the voltage across the MOV rapidly decreased 
to about 250,000 volts. 

Although the voltage across MOV 16 reached its clamping 
voltage relatively quickly, thus clipping the voltage spike 
Which Would have occurred but for the clamping effect of 
MOV 16, as illustrated in the graph of FIG. 2B, the current 
though MOV 16 continued to rise before gradually decreas 
ing. 

EXAMPLE 2 

Based upon the results observed in Example 1, the circuit 
illustrated in FIG. 3 Was simulated. As can be seen from FIG. 
3, the setup of the circuit of FIG. 1 Was maintained but sWitch 
18 Was added in conjunction With load resistor 20. 

In this example, capacitor 10 Was again charged up to a 
voltage Which exceeded the clamping voltage of MOV 16. 
SWitch 14 Was again closed at time?o at Which point capaci 
tor 10 quickly began discharging through inductor 12 and 
MOV 16 to ground 11. Because the voltage of capacitor 10 
Was greater than the clamping voltage of MOV 16, MOV 16 
immediately began clamping the voltage, thus creating the 
initially substantially square Wave-shaped response depicted 
at the ?rst portion of the graph of FIG. 4A. Until a time:0.2 
useconds, sWitch 18 Was in an open position. At time:0.2 
useconds, hoWever, sWitch 18 Was closed, thus connecting 
load 20 in parallel With MOV 16. Beginning at t:0.2 usec 
onds, the voltage across load 20 Was the same as the voltage 
across MOV 16. The current ?oWing through MOV 16 Was 
simulated and plotted thus creating the graph of FIG. 4B. As 
can be seen in that graph, the current began to rise steadily 
from t:0.0u until sWitch 18 Was closed, thus alloWing the 
current to also travel through load 20. 

The voltage across load 20 Was also simulated. FIG. 4C is 
a graph illustrating the results obtained for the voltage across 
load 20. As depicted by the graph of results obtained for the 
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6 
voltage across load 20, the circuit and method of the present 
invention Were able to achieve a high-voltage pulse having a 
very smooth and ?at or ?at-topped peak While simultaneously 
providing an extremely short rise time. 
The preceding examples can be repeated With similar suc 

cess by substituting the generically or speci?cally described 
operating conditions of this invention for those used in the 
preceding examples. 

Although the invention has been described in detail With 
particular reference to these preferred embodiments, other 
embodiments can achieve the same results. Variations and 
modi?cations of the present invention Will be obvious to those 
skilled in the art and it is intended to cover in the appended 
claims all such modi?cations and equivalents. The entire 
disclosures of all references, applications, patents, and pub 
lications cited above and/or in the attachments, and of the 
corresponding application(s), are hereby incorporated by ref 
erence. 

What is claimed is: 
1. A circuit for providing a ?at-topped, high-poWer voltage 

pulse to a load comprising: 
a high-voltage direct current source; 
a metal oxide varistor comprising a ?rst terminal and a 

second terminal; 
said ?rst terminal of said metal oxide varistor connected to 

ground; 
a ?rst sWitch, connecting said direct current source to said 

second terminal of said metal oxide varistor; 
a load; 
a second sWitch connecting said load in parallel With said 

metal oxide varistor; and 
said circuit producing a ?at-topped, high-power voltage 

pulse to said load. 
2. The circuit of claim 1 further comprising an inductor in 

series With said direct current source. 
3. The circuit of claim 1 Wherein said high-voltage direct 

current source comprises a charged capacitor. 
4. The circuit of claim 1 Wherein said high-voltage direct 

current source comprises a Marx generator. 
5. The circuit of claim 1 Wherein said high-voltage direct 

current source comprises a Cockroft-Walton generator. 
6. The circuit of claim 3 Wherein said charged capacitor is 

charged to a voltage in excess of a clamping voltage of the 
metal oxide varistor. 

7. A method for producing a ?at-topped, high-poWer volt 
age pulse comprising: 

providing a high voltage source; 
connecting a metal oxide vari stor betWeen the high voltage 

source and around; 
disposing a load in parallel With the metal oxide varistor; 
providing a voltage to the metal oxide varistor and not to 

the load, the voltage exceeding a clamping voltage of the 
metal oxide varistor; 

subsequently ?oWing current through the load comprising 
closing a sWitch betWeen the load and the metal oxide 
varistor; and 

producing a ?at-topped, high-poWer voltage pulse. 
8. The method of claim 7 further comprising exceeding the 

clamping voltage of the metal oxide varistor before closing 
the sWitch. 

9. The method of claim 7 further comprising monitoring a 
voltage across the metal oxide varistor. 

10. The method of claim 7 further comprising providing a 
delay before closing the sWitch. 

11. The method of claim 7 further comprising disposing a 
sWitch betWeen the metal oxide varistor and a high-voltage 
source. 
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12. The method of claim 7 wherein providing a voltage to 14. The method of claim 7 Wherein providing a voltage to 
the metal oxide varistor comprises providing a high-voltage the metal OXide VaI‘iSIOI Comprises providing a capacitor 
Marx generator, charged to a high voltage. 

15. The method of claim 7 further comprising ?oWing 
13. The method of claim 7 wherein providing a voltage to 5 Current through an inductor‘ 

the metal oxide varistor comprises providing a high-voltage 
Cockroft-Walton generator. * * * * * 
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